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Abstract: The present study aims to investigate the performance of multiple-tube ground heat exchangers (GHEs). The 
multiple-tube GHEs with a number of pipes installed inside the borehole were simulated. Thermal interferences between the 
pipes and performance of multiple-tube GHEs are discussed. Increasing the number of inlet tube in the borehole increases the 
contact surface area and then leads to increase of heat exchange with the ground. However, ineffective of heat exchange in the 
outlet tube caused by thermal interferences from the inlet tube reduces the heat exchange rate for the GHEs. The GHE 
performances increase of 9.1 % for three-tube, of 13.6 % for four-tube, and of 20.1 % for multi-tube compared with that of the 
U-tube. The four-tube and multi-tube GHEs which consist of four pipes as heat exchange pipes where the multi-tube GHE 
provides better performance than that of the four-tube GHE. This fact indicates that thermal interferences between the pipes 
affect the performance. Thermal interferences between the pipes should be considered. 
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1. Introduction 
The geothermal energy source is categorized based on 
ASHRAE [1] for using in high-temperature electric power 
production; > 150 
ο
C, intermediate and low–temperature 
direct-use applications; < 150 
ο
C, and Ground-source heat 
pump (GSHP) system applications; generally < 32 
ο
C. The 
GSHP system has been widely used in engineering application 
for space heating and cooling. The GHEs used in the GSHP 
system are installed in either horizontal trenches or vertical 
boreholes. Short-term and long-term performances are 
important issues of the GSHP system. Both the short-term and 
long-term behavior of ground loop heat exchangers is critical 
to the design and energy analysis of ground-source heat 
pump systems [2]. Short-term analysis is required for detailed 
building energy analysis and the design of hybrid GSHP 
system [3, 4]. It helps to understand the effects of short 
duration peak loads on the ground response [5-9] and to 
establish the running control strategies for alternative 
operation modes in short time scales of operation such as for 
cooling, heating, and hot water heating according to different 
requirements [10]. The GHEs used in the GSHP system are 
installed in either horizontal trenches or vertical boreholes. 
Temperature distributions, energy and exergy performances 
for two different horizontal GHEs [11, 12] and for three 
different vertical boreholes of 30, 60, and 90 m [13, 14] have 
been reported.  
Several factors such as local conditions, ground heat 
exchanger (GHE) parameters, and operation conditions 
contribute significantly to the thermal performance of the 
GHE that used in the GSHP system to exchange heat with the 
ground. Analyzing the GHE performance in those conditions 
is needed to provide an accurate prediction of the performance 
in the GSHP system design. A number of studies have 
investigated the GHE performance in various backfilled 
materials, concrete pile foundations, and configuration shapes 
[15-18]. Heat exchange rate of the GHE was also evaluated by 
Jun et al. [19] with considering the effect of running time, 
shank spacing, depth of borehole, velocity in the pipe, 
thermal conductivity of grout, inlet temperature and soil type.  
Experimental study of thermal performance of three types 
of GHEs including U-tube, double-tube, and multi-tube types 
installed in a steel pile foundation with 20 m of depth has been 
done [20]. The heat exchange rates of the GHEs in 24 hours of 
continuous operation with flow rates of 2, 4, and 8 l/min and 
the effect of increasing the flow rate have been discussed. The 
performance of the GHEs has been also investigated in 
different operation modes [21]. Operating the GHEs with 
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different operation mode shows the different characteristic in 
their heat exchange rates.  
This work investigates thermal interference and 
performance of multiple-tube ground heat exchangers (GHEs). 
The multiple-tube GHEs with a number of pipes installed 
inside the borehole were simulated in order to investigate the 
thermal interferences between the tubes and their 
performances. 
2. Numerical Method 
2.1. GHE Models 
Three-dimensional unsteady-state models for multiple 
tubes of GHEs were built and simulated by using a 
commercial CFD code, FLUENT. Steel pipes, which are used 
as foundation pile for houses, were buried in the ground and 
used as boreholes for the GHEs. Multiple-tube GHEs 
including U-tube, multi-tube, three-tube, four-tube types 
where a number of pipes installed inside the boreholes at 20 m 
depth were simulated in order to investigate the thermal 
interferences between the tubes and their performances. The 
multiple tubes were inserted in the steel pile, and the gaps 
between the steel pile and tubes were grouted with silica-sand. 
In addition, the multi-tube consists of a central insulated-pipe 
as the outlet tube and four pipes as the inlet tubes placed 
around the central pipe. The three-tube and four-tube types 
were built with installing three and four tubes inside the 
boreholes which consists of two inlet and one outlet tubes for 
the three tube type and three inlet and one outlet tubes for the 
four-tube type, respectively. For all the GHEs, polyethylene is 
used as a tube material.  
The ground around the GHEs is modeled of 5 m in radius. 
Fig. 1 shows the horizontal cross-sections of the multiple tube 
types of GHE models. Three-dimensional hybrid mesh 
generation was applied in the GHE models. All the related 
geometric parameters and material thermal properties for the 
GHEs are listed in Table 1. 
Table 1. Related geometric parameters and material thermal properties of the 
GHEs. 
Parameters Value Unit 
U-tube, Tri-tube and Four-tube 
Inlet and outlet pipes of the multiple-tube GHEs (material: Polyethylene) 
Outer diameter, do 0.033 m 
Inner diameter, di 0.026 m 
Thermal conductivity, kPE 0.35 W/(m K) 
Multi-tube 
Inlet pipes of the multi-tube (material: Polyethylene) 
Outer diameter, do 0.025 m 
Inner diameter, di 0.02 m 
Thermal conductivity, kPVC 0.35 W/(m K) 
Outlet pipe of the multi-tube (material: Polyethylene) 
Outer diameter, do 0.02 m 
Inner diameter, di 0.016 m 
Thermal conductivity, kPVC 0.35 W/(m K) 
Pile foundation of the multiple-tube GHEs (material: Steel) 
Outer diameter, do 0.1398 m 
Inner diameter, di 0.1298 m 
Thermal conductivity, kSteel 54 W/(m K) 
Grout (material: Silica sand) 
Thermal conductivity, kgrout 1.4 W/(m K) 
 
 
Figure 1. The horizontal cross-sections of the multiple-tube GHEs. 
2.2. Boundary Conditions 
The ground profiles around the borehole consist of Clay, 
sand, and Sandy-clay. This ground profiles are typical for 
Saga city, Japan [21]. The ground properties can be estimated 
using the values for similar ground profiles in this simulation. 
The thermal characteristic parameters of the ground are: 
 Clay (ρ = 1700 kg/m3, k = 1.2 W/m K, c = 1800 J/kg K) 
 Sand (ρ = 1510 kg/m3, k = 1.1 W/m K, c = 1100 J/kg K)  
 Sandy-clay (ρ = 1960 kg/m3, k = 2.1 W/m K, c = 1200 
J/kg K) 
A constant and uniform temperature was applied to the top 
and bottom surfaces of the model. Variation of ground 
temperature near the surface due to ambient climate effect is 
negligible. Uniform initial ground temperature is assumed to 
be equal to the undisturbed ground temperature and constant 
of 17.7 
ο
C. This value is based on recorded data of local 
ground temperature at Saga city, Japan [20]. Inlet temperature 
and flow rate of circulated water are specified as boundary 
conditions. The inlet water temperature was set to be constant 
of 27 
ο
C. The flow rate of circulated water was set to 16 l/min. 
For the GHE models that used more than one inlet pipe, this 
flow rate is the total flow rate of the inlet pipes. k-epsilon two 
equation turbulence models were applied in the FLUENT 
simulation set-up. Scaled residuals for turbulence models 
were monitored. 
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3. Heat Transfer Model 
Three-dimensional unsteady-state model used in simulation 
is: 
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where k is thermal conductivity (W/m K), T is temperature (K), 
ρ is density (kg/m3), c is specific heat (J/kg K), t is time and z 
is depth. 
Temperature variation distribution of circulated water is 
simulated and the thermal performances of the GHEs were 
investigated by calculating their heat exchange rates through 
the water flow. The heat exchange rate is calculated by the 
following equation 
 TcmQ p∆= ɺ                  (2) 
where mɺ  is flow rate, cp is specific heat, and ∆T is the 
temperature difference between the inlet and outlet tubes of 
circulated water.  
The heat exchange rate per unit borehole depth is defined as 
the following equation and it is used to express the 
performance of each GHEs. 
LQQ /=                     (3) 
where L is the depth of each GHE. 
4. Results and Discussion 
4.1. Thermal Interferences Effect 
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Figure 2. Water temperature distributions of multiple- tube GHEs. 
Figure 2 shows the water temperature distribution of the 
multiple-tube GHEs after 72 h operation. The temperatures of 
water are measured at the central point of the tubes. Water 
temperature distributions decrease in the inlet and outlet tubes 
of the U-tube GHE. In the three-tube GHE, the water 
temperature distribution in the inlet tube decreases more than 
that of the U-tube but the water temperature changes in the 
outlet tube is smaller than that of the U-tube. It indicates that 
effectiveness of the outlet tube decreases due to the thermal 
interferences from the two inlet tubes. The cross-sectional 
temperature distributions at 10 m depth after 72 h operation 
are shown in Fig. 3. The thermal interferences between the 
inlet and outlet tubes can be seen from these figures. In 
comparison with the U-tube GHE, the outlet tube of the 
three-tube GHE is affected by thermal interferences more 
significant than that of the U-tube GHE as shown in Fig. 3 (b). 
This fact proves that the water temperature is slightly change 
caused by thermal interference from the inlet tubes. A similar 
characteristic of the water temperature distribution is found in 
the four-tube GHE. In the multi-tube GHE, the water 
temperature decrease in the inlet tube is largest among those of 
other GHEs. The thermal interferences from the inlet tubes to 
the outlet tube are prevented by insulation of the outlet tube 
and then, the water temperature stays almost constant in the 
outlet. 
 
(a)U-tube 
 
(b)Three-tube 
 
(c)Four-tube 
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(d)Multi-tube 
Figure 3. The cross-sectional temperature distributions at 10 m depth after 72 
h continuous operation. 
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Figure 4. Heat exchange rates of multiple-tube GHEs  
4.2. Thermal Performances of the Multiple-Tube GHEs 
Figure 4 shows the heat exchange rates of the GHEs with 
operating time. In the three-tube and four-tube GHEs, 
increasing the number of inlet tubes increases the contact 
surface area and then leads to increase of heat exchange. 
However, ineffective of heat exchange in the outlet tube 
caused by thermal interferences from the inlet tubes reduces 
the heat exchange rates for the both GHEs. In the case of the 
multi-tube GHE, increasing the contact surface area and 
protecting thermal interference by insulation of the outlet tube 
contributes to the heat exchange rate. This result shows that 
installing a number of pipes inside the borehole does not 
increase the heat exchange rate of GHE linearly with 
increasing the contact surface area. Thermal interferences 
between the pipes should be considered. Effect of thermal 
interference between the tubes to the GHE thermal 
performance can be seen from the four-tube and multi-tube 
GHES which consist of four heat exchange pipes. The 
multi-tube GHE provides a better performance compared 
with that of in the four-tube GHE. It is due to insulation of 
outlet tube in the multi-tube GHE. This fact indicates that 
thermal interferences between the pipes affect the GHE 
performance. Average heat exchange rates of the 
multiple-tube GHEs after operating in 72 h are listed in Table 
2. The GHE performances increase of 9.1 % for three-tube, of 
13.6 % for four-tube, and of 20.1 % for multi-tube compared 
with that of the U-tube GHE.  
Table 2. Heat exchange rates of the multiple-tube GHEs after operating in 72 h. 
Multiple-tube GHEs 
Average heat exchange rate in 72 h, ( LQ h /72
) 
(W/m) 
U-tube 27.09 
Tri-tube 29.55 
Four-tube 30.77 
Multi-tube 32.53 
5. Conclusions 
The geothermal energy sources are locally available and 
environmentally friendly energy source in the case of reducing 
CO2 emission. The well-known application is for space 
heating and cooling in residential and commercial buildings 
with using GSHP system. Recently, various types of GHEs 
are used in the GSHP system to exchange heat with the ground. 
The heat exchange performance of the GHE is an important 
subject of GSHP system design. 
Multiple-tube GHEs are studied to investigate the thermal 
interference and performance of multiple-tube ground heat 
exchangers (GHEs). Heat exchange rate of the multiple-tube 
GHEs are affected significantly by thermal interferences 
between the inlet and outlet tubes. Increasing the number of 
inlet tubes increases the contact surface area and then leads to 
increase of heat exchange with the ground. However, 
ineffective of heat exchange in the outlet tube caused by 
thermal interferences from the inlet tubes reduces the heat 
exchange rates for the GHEs. The GHE performances increase 
of 9.1 % for three-tube, of 13.6 % for four-tube, and of 20.1 % 
for multi-tube compared with that of the U-tube. Thermal 
interferences between the pipes affect the GHE performance 
and should be considered in design of GHE. 
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